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The molecules Ag3n, AuSn, and CuSn have been identified. 

Dissociation energies have been measured to be: 

DgCS^) =45.8 - k  kcal/mole 

D0(AgSn)= 31.6 -5  kcal/mole 
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D°(AuSn)= 57.5 :!: 4 kcal/mole 

D0(CuSn)= 41,4 - 4 kcal/mole 
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UNTHODüCTION 

The syEcetric diatomic molecules Cu-., Ag-, Au.. and 

Sup liave been studiea previously.  3n^ has been identified 

by König (1) and the dissociation energy calculated by 

Drowart and Honig (2).  CUp, Agp and Au have been 

identified by Klenan, Lindkvist and Selin (3) and by 

Huamps (4) using optical spectroscopy.  The dissociation 

energies of these three molecules have been measured 

mass spectrometricall7/ by Drowart and Honig (2), by 

Schissel (5) ana by Ackerman, Stafford and Drowart (6). 

The asymnetric molecules AgCu an^ AuCu were observed 

spectroscopically by Ruamps (/)•  In addition AuCu was 

observed mass spectrometrically by Schissel (5).  The 

dissociation energies of all three asymmetric molecules 

were determined mass spectrometrically by Ackerman (5) 

ana Ackerman, Stafford ana Drowart (6). 

The dissociation energies of the symmetric and 

asymmetric molecules in the Cu, A.g, and Au triad were found 

to be related by Pauling's electronegativity relation (9). 

In this study alloys of 3n with Cu, Ag or Au were chosen 

to test this relation in the case of intermetallic gaseous 

molecules formed from atoms with different electronic 

structures. 

The three molecules AgSn, AuSn and GuSn have not been 

i'lanuscript   neleased  by  the  Authors,   August   1961  as  an ASU Technical 
Report. 

1 



observed previously.  The present paper reports a mass 

spectrometric determination of the dissociation energies 

of these molecules and a verification of that of Snp. 

Special care has been taken to insure that the values 

reported now and previously (6) are as accurate as possible 

relative to one another. 

EXPE2IL3LTAL. 

The three binary alloys were prepared by mixing 

together v/eighed quantities of the 99 c/-   pure metals and 

melting them in situ in the mass spectrometer.  The initial 

compositions of the alloys Ag-Sn, Au-3n and Gu-3n were 

about 0.9» 0.3 anci- 0.5 atom fraction of tin.  Ag and 3n 

evaporated almost quantitatively from the Ag-Sn and the 

Au-3n alloys respectively, while Gu-Sn formed a constant 

boiling mixture. 

The expei^imental arrangement was identical to that 

used previously (6).  The alloys were vaporized from a 

mullite cell contained in a molybdenum crucible.  The 

ratio of the effusion orifice to the vaporizing surface 

was approximately 1/50.  The brightness temperature of a 

black body hole in the base of the cell was measured with 

a Leeds and Korthrup disappearing filament optical pyrometer. 

Ions were formed from the effusing molecular beam by 

a 3 to 50 Amp. beam of 70 ev electrons, and then accelarated 



to 200C ev. Mass analysis was effected by a 20 cm radius 

of curvature, 50° sector, single focusing spectrometer. 

Ions were detected by a Ag-Mg secondary electron multi- 

plier and a vibrating reed amplifier feeding a pen recorder. 

SXFiSB^TAL DATA. 

In addition to tne atoms and to the molecules observed 

previously including Sn^, and 3n^ (1), only Ag-'in, Au3n and 

Gu3n were observed.  Information was obtained to calculate 

enthalpy changes for reactions : 

XY + X ^—-   X2 + Y (1) 

The data are presentee in Table I, in which all ionic 

intensities are corrected using the relative ionization cross 

sections and multiplier efficiencies .iven in Table II. 

In addition, the ratio Sn */3n+ over pure tin was 

measured in the temperature range 1^72-1759° K. 

In the course of the experiments uiscrepencies appeared 

which could have been due either to an incorrect vapor 

pressure ana heat of sublimation of tin or to an incorrect 

value for the relative ionization cross section of tin. 

The vapor pressure of tin was first determined.  The heats 

of sublimation calculated from both the measurec vapor 

pressure and fron the temperature dependance of the vapor 

pressure between 1190o-1572oK were in agreement within 0.5 

kcal/g.atom with trie value AH^QC = 72.00 kcal//;, atom Kiven 



by Stull ana Sinke^   .  The rixative ionization cross 

section subsequently was measured relative to copper, 

2old anu silver as explained earlier^  .  Relative to 

all tnree elements, tiie cross section was x'ound to be 
/ -i -i \ 

about three "eines higner ■ch.an that calculated^   . The 

best average relative cross section obtained is o-(Sn) =65 • 

T33ATii^iST Oi DATA. 

3nthalpy changes for the reactions S<1.(1) were cal- 

culated from the data using the following equation : 

AH0
0=-RTln £- TA (?0-Hn

0)/T]  (2) 
^ l(XY+)l(X+)<rr(Y)(r/(X2)      

k      0   ^ 

where l(Z ) is the ion current aue to species Zjcr-yCX) is 

the product of ionization cross section and relative multi- 

plier efficiency; and (F0 - Hr
0)/T the free energy function 

calculated according to the usual formulae^   . The molecular 

constants useu to calculate the free energy functions are 

shown in Table III.  The multiplicity of Sn^ was assumed 

(2) to be 5 ana that of the three asymme trie molecules to 

be 2. 

R3oÜLT3 A-:L DI.SCUooIG^ . 

Table IV summarizes the values of the dissociation 

energies of interest in the present work, including those 

determinea previously for CUp, Agp and AUp^0 . 

The dissociation energies at C0K, 2^°, of AgSn, Au3n 



and CuSn are calculated to be 31.6 -  5, 57.5 - ^ and. 

41.4- - 4 kcal/mole respectively.  The greater part of 

th.e uncertainty is that in the free energy functions and 

is discussed in the following paper.  No other data are 

available for comparison. 

D0
0(Snp) calculated from the present data is 45.8 -  4 

kcal/mole.  That calculated from Honig's data at 1200oK is 

47.7. - 4.5 kcal/mole.  The dissociation energy of Snp was 

obtained also from the temperature variation of the 

equilibrium constant for the reaction Snp(g) =^: 2 Sn(g). 

The value obtained was D?6QQ = 59-10 kcal/mole or DQ0= 52 

kcal/mole. 

The measured D0
o of the asymmetric molecules XY may 

be compared with those of the symmetric molecules using the 

following equation due to Pauling. 

D(xy) = 1/2 |SD(X2) + D(Y2)J  + A (3) 

where A  is defined as proportional to the square of the 

electronegativity difference 23 (X (X) - ft (Y)j  where 

the D are single bond energies.  Under the assumption that 

only one electron of the group IB atoms is effective in the 

bonding, D becomes equal to the measured Dn
0 for all the 

molecules studied except Sn?.     The molecule Sn„, a congener 

of Cp, presumably is double bonded and the single bond 
C T p") 

energy D(Sn - Sn) is estimated^ "^ to be 35 kcal/mole from 

the lattice energy of gray tin. 



Numerical values of the three terms in Eq.(5) are 

given in columns 2, 3 and 4 of Table V.  The calculated 

differences in electronegativity are shown in the fifth 

column and are seen, except for AgSn, to agree with the 

values calculated from heats of formation of various salts. 

These literature values^°^are Sn(1.6), Gu(1.8) andAu(2.4-). 

The negative A  for AgSn, which is just on the limit of 

being experimentally significant seems to be an exception 

to Pauling's rule. 

Previously, a qualitative correlation between the 

quantity A and the heat of mixing of two liquid metals 

had been notedv y.  In the present case the correlation 

is complicated by the large differences both of crystal 

structure and of valence between the IB metals and Sn, 

invalidating the quasi-chemical model.  The curves AH(mix) 

VS. mole fraction for AgSn and GuSn are irregular showing 

approximately equal maxima for Sn poor alloys, but the 

formation of AgSn is endothermic for n(Sn) a« 0.8.  The 

formation of AuSn alloys from the pure metals however is 

always more exothermic than that of either AgSn or GuSn, 

in general accordance with the values of A given in Table V. 
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TABLE la.  Corrected dimer/monomer ratios and calculated 

dissociation energies from ion intensities above 

^  pure tin. 

Sxp. T0K ^PSn/PSn2)x lü"2 
"0° 

0505.6 1472 4.50 45.9 

8 1520 2.60 47.0 

5 1555 2.95 46.5 

7 1558 2.60 46.5 

1 1568 4.75 44.6 

4 1545 3.00 45.2 

9 1647 2.36 46.1 

5 1693 2.23 45.6 

10 1706 2.05 45.8 

2 1759 2.26 45.2 

11 1769 1.97 

iean 

45.4 

45.8 



TABLE lb.  Decimal logarithms of the equilibrium constant K 

for the reaction and dissociation energies from 

corrected ion intensities measured above the 

alloys. 

o, Symmetric molecules 
Exp.     T0K     - log K   Dn (XY)  of reference (X0) 

(a] 
0 w^/  ^^ ~„^^„~^   VÄ2, 

AgSn 

0305.1 1568 -0.226      $1.4            Ag 

2 1759 -0.532 

0305.1 1568 -1.58       v V           Sn 

2 1759 -1.61 

31 4 

30 2 

32 7 

32 l 

2 

2 

mean  31.6 

continued 

I(X^)l(Y+)(rr (XY)cr-ar (x) 
(a) K =   2-  

l(XY+)l(X)(r-r(X2)(rr(Y) 



TABLE lb : (continued) 

symmetric molecule 
Exp.     T0K    - log K     D0

o(XY)  of reference 

AuSn 

0307.9 1686 

16 1725 

8 1732 

1 1739 

^4- 1759 

2 1785 

15 1787 

5 1835 

10 1843 

14 1865 

11 1879 

13 1890 

12 1928 

0313.8 1815 

2 1821 

7 1867 

4 1878 

6 1898 

5 1966 

5 1987 

1.41 57-4 

1.33 57.0 

1.51 58.4 

1.25 56.2 

1.49 58.4 

1.30 57.1 

1.60 59.5 

1.37 55.9 

1.36 57.8 

1.37 58.1 

1.31 57.6 

1.35 57.8 

1.25 57.3 

1.70 60.5 

1.08 55.5 

1.46 58.8 

1.13 56.1 

1.39 58.4 

1.01 55.4 

1.20 57.1 

mean 57.5 

Au, 

10 
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TABLE lb : (continued) 

symmetric mole- 
Exp.      T0K       - log K    D0 (XY) cule of reference 

CuSn 

0306.3 1730 

5 1758 

2 1764 

1 1785 

6 1798 

7 1834 

031^.2 1632 

3 1673 

4 1772 

5 1852 

0306.3 1730 

5 1758 

2 1764 

1 1785 

6 1798 

7 1834 

-0.098 42.7 

-0.206 41.7 

-0.122 42.4 

-0.221 41.3 

-0.233 41.4 

-0.217 41.4 

-0.225 43.1 

-0.004 44.7 

-0.129 43-3 

-0.116 43.1 

-0.031 39.7 

0.073 40.4 

0.029 40.1 

0.059 39-5 

-0.005 39-8 

-0.145 38.6 

mean ^•1.4 

Sn2 

Cu2 

• • • / • • 

11 



TABLE II.  Relative ionization cross sections and 

multiplier yields. 

Species Ionization        Mult, yield x 
cross section, o~       cross section, (rV 

Q 

Cu 
o 

Ag 

Au 

Sn 

Cu2 

AS2 

Au2 

Sn2 

AgSn 

AuSn 

CuSn 

18.4 (a) 

3^.8 (a) 

39 

63 

57 (b) 

70 

78 

126 

98 

102 

82 

18.4 

24.9 

17 

43 

28 

34 

28 

56 

43 

40 

42 

(a) see ref. 11. 

(b) for molecules : a-(XY)  = (r(X) + (r-(Y) 

12 



TABLE III.  Molecular constants usM to calculate the 

free energy functions. 

Molecules Internuclear  Vibration frequencies 
distance (A) (cm-1) 

Sn 2.80 500 

AgSn 2.76 192 

AuSn c:.69 200 

CuSn 2.58 213 

13 



TABLE IV.  Dissociation energies at 0oK in kcal/mole of 

certain diatomic molecules containing Ag, Au, 

Cu and Sn. 

Ag2 37.6  (a) 

Au2 51.5  (a) 

Cu2 45.5  (a) 

Sn2 ^5.8  (b) 

AgSn 51.6 - 5 

AuSn 57.5 - 4 

CxiSn     41.4 t    4 

(a)  from ref. 6 

("b)  third law result, this work; second law result 52 - 10 

kcal/mole; the values calculated from Honig's data 

(ref. 1) is 47.7 - 4.3. 

Ik 



TABLE V.        Comparison of    D(XY)     with 

1/2  [D(X2)  + D(Y2)j   .   (kcal/mole) 

molecules D(XY) 1/2 [D(X2  + D(X2)J ^ ^A/2J> 
(a) (a) 

AgSn 31.6 

AuSn 57.5 

CuSn 41.4 

56.5 - 5 - 

45.5 +   14 0.8 

40.5 +   1 0.2 

(a)  D  is taken equal to the measured   D  , except in 

the case of SUp, where it is taken as 55 kcal/mole 

(ref. 12). 
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